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Description 

BACKGROUND OF THE INVENTION 

s [0001 ] The present invention relates to a brazeable aluminum material for use to construct a heat exchanger or any 
other apparatus or the like which are manufactured by the brazing technique, and also relates to a method of producing 
the brazeable aluminum material. 

[0002] The term "aluminum" used herein is meant to include aluminum alloys. 

[0003] Aluminum is used widely to manufacture various kinds of brazed articles and apparatuses, because it is 
10 comparatively light, highly processable and heat conductive. 

[0004] An easily brazeable aluminum brazing sheet, which has widely been used for that purpose, is composed of 
an aluminum core sheet having a surface Yoll-clad 1 with a layer of a brazing agent. For certain kinds of aluminum 
materials including those which are prepared by the extruding method, the cladding of said agent is impossible or very 
difficult. 

15 [0005] The thermal spraying' method is known and has been proposed to form a brazing agent layer on aluminum 
materials such as the extruded one which can hardly be clad with said layer ( see for example the Japanese Patent 
Publication Sho. 63-1152, and Unexamined Publications HeL 1-157794, ibid. Sho. 63-119974, ibid. Hei. 1-107961 and 
ibid. Hei. 2-46969) 

[0006] However some aluminum materials coated with the thermally sprayed brazing agent are poor in brazeability. 

20 The present inventors have investigated those defective cases and found the following facts to be a cause thereof. 
[0007] Generally, the prior art methods of thermal spraying do use as the brazing agent a wire of brazeable alloy, as 
disclosed in the Patent Publications Sho. 63-1 1 52 or Hei. 1 -1 57794. The wire of the brazing agent thus has to completely 
melt to form liquid particles sticking to an aluminum core sheet. A high temperature causing the agent to completely 
melt will produce on the core sheet a resistant oxide membrane, which renders less brazeable the aluminum material. 

25 The sprayed liquid particles solidify on the core sheet to form a continuous layer of the brazing agent. A fine internal 
texture found in such a layer however resembles that which would appear after the brazing of aluminum material. Thus, 
this layer can no longer act as any effective brazing agent layer in subsequent use. Further, in the case of the plasma- 
arc spraying at extremely high temperatures, a considerable amount of the brazing agent is likely to evaporate during 
or after melt deposition on the aluminum surface. Consequently, an undesirable change in the agent would impair its 

30 brazeability. 

[0008] An object of the present invention is therefore to provide a brazeable aluminum material comprising an alu- 
minum core which is coated with a thermally sprayed brazing agent layer but free from the problem of unsatisfactory 
brazeability inherent in the prior art thermally sprayed layer. 

[0009] A further object of the present invention is to provide a method of producing such a brazeable aluminum 

35 material as just noted above. 

[0010] A brazeable aluminum material which achieves the above is defined in claim 1 . In order to achieve the further 
object, the method provided herein to produce a brazeable aluminum material composed of an aluminum core com- 
prises the steps of preparing a powder of a brazing agent and then thermally spraying the powder onto the aluminum 
core under a condition such that only surfaces of most of powder granules are molten, with an interior of each granule 

40 remaining unmolten. 

[001 1 ] Other objects, features and advantages of the present invention will become clear from the description made 
below referring to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

[0012] 

Fig. 1 is a front elevation diagrammatically showing a process in which the thermal spraying of a brazing agent is 
carried out in unison with the extrusion of an aluminum core; 
so Fig. 2 is a cross section illustrating in part and on an enlarged scale the process shown in Fig. 1 ; 

Fig. 3 is an enlarged cross section of a spraying gun used in an embodiment; 

Fig. 4 is a front elevation of a multi-flow type heat exchanger made of a brazeable aluminum materiaf produced in 
accordance with the embodiment; 

Fig. 5 is a perspective view of the heat exchanger as shown in Fig. 4, with its tubes and corrugated fins being 
. 5 5 separated from other members of the heat exchanger; 

Figs. 6 A and 6B are a photograph and a sketch thereof, respectively, showing the metallic texture of a brazing 
agent layer obtained as Example No. 2 in the embodiment; 

Figs. 7A and 7B are a photograph and a sketch similarly showing the texture obtained as Example No. 8; 
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Figs. 8A and 8B also are a photograph and a sketch similarly showing the texture obtained as Example No. 9; 
Fig. 9 is a photograph showing the metallic texture of the brazing agent layer obtained as Example No. 10 in the 
embodiment; 

Fig. 10 is a photograph similarly showing the layer obtained as Example No. 11 ; 
5 Fig. 11 is a photograph similarly showing the layer obtained as Example No. 12; 

Fig. 12 is a photograph similarly showing the layer obtained as Example No. 13; 

Fig. 13 is a photograph similarly showing the layer obtained as Example No. 14; 

Fig. 14 is a photograph similarly showing the layer obtained as Reference No. 19; 

Fig. 15 is a photograph similarly showing the layer obtained as Reference No. 20; 
10 Fig. 1 6 is a photograph showing the metallic texture observed in a brazed portion of the layer produced under the 

same condition as Example No. 10 in the embodiment; 

Fig. 17 is a photograph similarly showing the brazed portion corresponding to Example No. 11 ; 
Fig. 18 is a photograph similarly showing the brazed portion corresponding to Example No, 12; 
Fig. 19 is a photograph similarly showing the brazed portion corresponding to Example No. 13; and 
15 Fig. 20 also is a photograph similarly showing the brazed portion corresponding to Example No. 14. 

DETAILED DESCRIPTION OF THE INVENTION 

[0013] An aluminum used as a core in the present invention is not restricted to those which are of a specific compo- 

20 sition, but may be of any composition depending on its final use. Aluminum may be extruded, rolled, cast or otherwise 
processed to give articles of any desired configuration or cross-sectional shape, also depending on the final use. 
[0014] A number of unmolten granular particles of a brazing agent exist in a brazing agent layer which is sprayed 
onto the aluminum core. Those minute particles maintain their fine metallic texture, which is not affected by the step 
of thermal spraying, is effective to ensure a satisfactory brazing of the aluminum material. 

25 [0015] In order to have such a number of unmolten granular particles in the layer, the invention employs a powder 
of the agent. This brazing agent powder can easily be controlled to be half-molten when thermally spraying it such that 
only a surface of each particle melts, with its interior (at least its pith or marrow) however remaining unmolten. Typically, 
the powder is an Al-Si alloy (i.e., an alloy included in aluminum-silicon alloy series) powder used as the brazing agent. 
Alternatively, a mixture of Al powder and Si powder may be employed, provided that they produce a substantially 

30 uniform and homogeneous brazing agent layer when sprayed onto the core. If Si content in the brazing agent is less 
than 5 % or higher than 40 % by weight, then the brazing agent will have a so high temperature of liquidus line that it 
is not easy to braze the aluminum articles. Thus, for a smooth and effective brazing, the Si content in the brazing agent 
layer must be within a range from 5 % to 40 % by weight, and more desirably from 8 % to 1 3 % by weight. In view of 
the change in composition during the thermal spraying, the Si content in Al-Si alloy as the raw material to be sprayed 

35 must be from 5 % to 40 % by weight. A more preferable range of Si content is from 8 % to 25 % by weight in the 
unsprayed Al-Si alloy. In case of using the mixture of A! and Si powders which may not necessarily form an ideal alloy 
in the sprayed brazing agent layer, a satisfactory brazeability will be obtained at a Si content falling within a range of 
from 5 % to 40 % by weight. Therefore, Si content in an unsprayed powder mixture is desirably from 5 % to 50 % by 
weight. Alternatively, a mixture of the Al-Si alloy powder, Al powder and Si powder may be used in place of the alloy 

40 powder, or in place of the mixture of Al and Si powders, 

[0016] For the preferential melting of the surface of powder particles of the described powder(s), ideally or substan- 
tially spherical particles are preferred rather than flat ones such as those of an atomized powder. The round particles 
can advantageously flow smooth through a thin passage of the spray gun. From a practical point of view, at least 10 
% or more preferably at least 50 % by weight of the powder(s) must consist of round particles. Since finer particles 

45 undesirably tend to completely melt, the particles used herein may be of an average diameter of 1 0 u.m or greater. 
However, undesirably large chinks will be formed between adjacent coarser particles of an average diameter greater 
than 200 urn, thereby rendering incompact the brazing agent layer. Therefore, an average diameter of 200 ujn or less, 
thus a range of from 10 to 200 jirh or more preferably of from 50 to 150 u.m, is recommendable. 
[0017] The condition and parameters of the spraying process need not fall in a narrow range, but may be varied 

50 insofar as the preferential melting of the surface of each particle is assured. An example of the spraying condition is 
as follows. 

[0018] The spraying temperature may be controlled in a range of from 1000 °C to 3000 °C. A temperature lower 
than 1 000 °C will probably cause the particle surface not to melt to a sufficient extent and not to stick to the aluminum 
core. On the other hand, an excessively high temperature above 3000 °C will completely melt not only the surface but 
55 also pith of each particle. Thus, the most preferable spraying temperature is from 2300 to 2900 °C, which may be 
realized for example in the flame spraying technique. 

[0019] A distance between a nozzle of the spray gun and the aluminum core sheet is preferably from 50 to 500 mm. 
The distance shorter than 50 mm will cause the powder(s) to excessively mett, oxidizing the produced brazing agent 
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layer and also bringing about thermal deformation and/or an undesirable change in fine internal texture of the aluminum 
core. On the other hand a longer distance beyond 500 mm will allow the partially molten particles to solidify well before 
reaching the aluminum core, thus reducing deposit amount of the powder and impairing brazeability. A preferred range 
is from 150 to 300 mm. Feed rate of the powder to be molten is desirably from 30 to 180 grams/minute ("g/min"), 
5 because the shortage of powder(s) fed at a rate lower than 30 g/min will result in a poor brazeability of the formed 
layer. A higher rate above 180 g/min produces an excessively thick brazing agent layer, not only uneconomical but 
also shrinking to exfoliate from the core when cooling on the aluminum core. A desirable powder feed rate is thus from 
90 to 150 g/min. 

[0020] It is recommendable to carry out the thermal spraying within non-oxidizing atmosphere such a N 2 gas in order 

10 to avoid oxidation of aluminum surface and powder particles, because such oxidation during the spraying would ad- 
versely affect the brazing agent layer and its brazeability. In order to avoid oxidation of the surface and powder particles 
after the spraying, oxygen content in the powder(s) need be not more than 0.05 % by weight. 
[0021] The described thermal spraying of the brazing agent powder may be done after having molded or otherwise 
formed the aluminum articles. It is however more desirable to conduct the spraying continuously and simultaneously 

15 with the extrusion thereof to save labor and improve production efficiency. In an example of the latter case, the powder 
is thermally sprayed at a location dose to an extruder 1 onto an article 2 immediately after extrusion thereof from the 
extruder. In another and more preferable example, a set of spray guns 4 are disposed downstream of a cooling bath 
or tunnel 3 so as to apply the powder to the article which has been water-cooled or otherwise cooled to a room tem- 
perature. The cooled article cools the sprayed powder to or near a room temperature, thus protects it from being further 

20 molten and oxidized. If the powder is sprayed before the article is cooled, then water will be absorbed in the sprayed 
porous layer of the brazing agent to thereby adversely affect the brazeability of said article. The layer 5 may be of a 
mono-stratum ( as shown in Fig. 2) or a multi-stratum structure. In any case, thickness of the sprayed brazing agent 
layer 5 has to be 8 ujn or more for a good brazeability. Either side of the extruded article 2 may solely be provided with 
such a layer 5, or as shown in Fig. 1 , both of upper and lower sides may be so done with an upper and lower guns 4a, 

25 respectively. 

[0022] With respect to corrosion resistance of the aluminum article, the brazing agent layer formed thereon is insuf- 
ficient to better it. Therefore, a Zn ( "zinc" ) undercoat may be thermally sprayed or otherwise formed prior to spraying 
of the brazing agent powder. In a case wherein zinc is applied to the just extruded article, another set of guns 6 are 
equipped in line near the extruder 1 . Zinc atoms thus blown onto the hot and active surface of said article 2 will migrate 
30 and spread evenly and smoothly. 

[0023] An Al-Si-Zn alloy powder may be used to dispense with such a separate spraying of Zn, and Zn atoms will 
also migrate in the article to render it more resistant to corrosion. 

[0024] When spraying particles in the method proposed herein, all the particles may not necessarily be molten se- 
lectively at surface, but some of them may be molten to the core, or may remain unmolten and entirely solid. 

35 [0025] It will now be apparent that the brazeable aluminum article and the method of making same provided herein 
are characterized by the brazing agent layer which is formed of a powder, or of a mixture of powders having surfaces 
preferentially molten and then solidified. Extremely high temperatures are no longer necessitated to melt the particles 
to the core, thus suppressing oxidation thereof which would result in a poor brazeability. The piths or cores of almost 
all the particles are left fresh and solid during the spraying process, whereby internal fine structure of the layer is not 

40 in its state as if it had already been used to braze the aluminum article. Such an unmolten internal texture thus affords 
an excellent brazing of the aluminum article. There is no likelihood that any fraction of the agent evaporates to such 
an extent as spoiling a high quality of the brazed aluminum products. 

[0026] It will also be understood that the temporarily molten surfaces of sprayed powder particles enable them to 
stick to aluminum material so as not to exfoliate therefrom. 

45 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0027] An aluminum alloy included in the JIS-1 070 series was used to extrude a perforated and flat tube which was 
16 mm wide and 3 mm high. The alloy coming out of an extruder 1 was cooled in a cooling water bath 3, before 

50 continuously taken up to form a coil 7. An upper and lower spray guns 4a and 4a were respectively disposed above 
and below the extruded tube 2 and arranged downstream of the water bath 3, being slanted towards the coil 7. Each 
spray gun had a nozzle of the flame type as schemed in Fig. 3. A fuel pipe 41 supplied the nozzle with a mixed gas of 
fuel and oxygen so that the gas ejected from the nozzle was fired to continuously form a flame of columnar shape. A 
brazing agent powder 43 carried by a carrier gas was supplied through a powder feed pipe 42 into the flame so as to 

55 be heated therein. A compressed air from an air pipe 44 was blown through the nozzle into said frame. A mist jet thus 
produced to suspend therein the heated powder was blown forwards to stick to the surface of extruded aluminum article 
2. The reference numeral 45 in Fig. 3 denotes an air stream. Each of those spray guns were operated at: 0 2 feed rate 
of 700 liters/min; propylene feed rate of 6B liters/min; and a compressed air rate of 800 liters /min. The flame temperature 
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( that is, thermal spraying temperature ) was about 2700 °C. 

[0028] The types of thermally sprayed powders, as well as Si content therein and the spraying condition were varied 
as listed in Table 1 . Piths of particles in the thermally sprayed powders remained un molten, with only a surface of each 
particle melted while being applied to form a brazing agent layer on both surfaces of extruded article 2. To the Example 
5 Nos. 3, 4, 7 and 9, zinc was thermally sprayed at first using zinc sprayers 6 disposed close to and downstream of the 
extruder 1 in Fig. 1, prior to the thermal spraying of the brazing agent powder 

[0029] Average thickness of the obtained brazing agent layers were measured and Si content therein were analyzed 
to give a result shown in Table 1 . 

[0030] The thus prepared brazeable aluminum materials were used to fabricate heat-exchanging tubes, which were 
10 then assembled to give an aluminum heat exchanger of the multiflow type as shown in Figs. 4 and 5. This heat ex- 
changer comprises a plurality of the tubes 11 arranged horizontal in parallel with each other, in combination with a 
plurality of corrugated fins 12 each interposed between the two adjacent tubes. Both ends of each tube are connected 
to left- and right-hand hollow cylindrical headers 13 and 14 in fluid communication therewith. A coolant inlet pipe 15 
and outlet pipe 16 are adjoined to a periphery of the left-hand header 13, at its upper and lower ends, respectively. 
15 Partitions 17 secured in the headers provide a meandering path for the coolant flowing through the heat exchanger. 
Those corrugated fins 12 are made of an aluminum alloy included in the JIS-1050 series. 

[0031] A flux emulsion was applied to the assembled heat exchanger and then dried before heated in N 2 at 580 °C 
for 5 minutes. Due to this heating, the tubes 11 were rigidly adjoined to the corrugated fins 12 and to the headers 13 
and 14, with other relevant members also being brazed one to another. The brazing agent layer covering the tubes 11 
20 served to adjoin them to the fins 12, while thin brazing agent sheets clad on outer and inner periphery of the headers 
1 3 and 1 4 contributed to adjoin them to the tubes 11 . 

[0032] Brazeability of each Example was evaluated by measuring a "bonded ratio" for the heat exchangers as to 
their tubes 11 to which the corrugated fins 12 had been adjoined. The "bonded ratio" is a ratio of the number of the 
fin's ridges which remain adjoined to the tube after forcibly removing portions thereof other than the ridges, to the total 
25 of ridges initially included in one fin. The number of partially remaining ridges was divided by 4 (four) to be added to 
the number of ridges remaining perfectly bonded. 

[0033] Reference Nos. 1 8 - 20 ( in Table 1 ) were prepared by the plasma-arc spraying conducted at a temperature 
of about 10000 °C. All the particles in the brazing agent powder in each Reference were molten to the core when 
sprayed to raw tubes to give brazeable tubes. Another Reference No. 21 was prepared using a brazing alloy wire 
30 having a diameter of 2.4 mm 0, by the electric-arc welding method also at about 10000 °C. The molten alloy was 
sprayed onto the raw tube to give another brazeable tube. Those tubes were incorporated in heat exchangers and 
subsequently subjected to the brazing process under the same condition as the Examples. 
[0034] Data which were obtained in the described manner are given in Table 1 . 
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70 


80 


0.02 


100 


90 
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12.5 
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ca. 
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100 
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0.02 


125 


90 
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11.5 


95 


2700 
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2700 
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100 
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0.02 
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90 
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98 


ca. 
2700 


55 
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TABLE 1 (continued) 
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110 
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12.4 
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45 
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11.2 


55 
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200 
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11.1 


35 
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70 
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Notes: A = Al-Si(12 wt.%) alloy, B* = mixture of Al (800 gr) + Si (200 gr) Av. dia. = Average diameter, sphr. = 


spherical particles, cont. = 


content, *1 ~ distance between nozzle and aluminum core, *2 = feed rate of brazing 


agent powder, b.a. = brazing agent, Bond, rat, = 


Bonded ratio, Thick. = 


= Thickness Temp. = 


: temperature 





[0035] Example Nos. 2, 8 to 14, Reference Nos. 19 and 20 gave the thermally sprayed brazeable agent layers, 
whose cross sections were inspected microscopically to give enlarged photographs of metallurgical texture, as seen 
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in Figs. 6A, 7A, 8A and 9 through 15. Fig. 6B symbolically represents the texture given as Fig. 6A. Further, aluminum 
alloy plates of JIS-1070 which respectively were covered with the brazing agent layers thermally sprayed with those 
powders and under the conditions for Example Nos. 10 to 14 of the invention were prepared The plates were brazed 
to other aluminum alloy plates of JIS-1 050 to form T-joints. Figs. 1 6 to 20 are photographs of the metallurgical textures 

5 of adjoined portions of these T-joints. 

[0036] As is clearly seen in the photographs of metallurgical textures, the powder particles 50 ( shown in Figs. 6B, 
7B and 8B) were kept spherical in the brazing agent layers formed in accordance with the present invention. This 
means that only the surface of each particle was temporarily molten before solidified, but with the pith thereof kept 
unmolten. Further, Table 1 and the enlarged photographs of the brazed portions attest the formation of a sufficient fillet 

10 in each brazed portion of the material provided herein, and those fillets contribute to improve the brazing quality. In 
contrast, References have proved poorer in brazeability due to the brazing agent particles which completely melted to 
the core. 



15 Claims 

1 . A brazeable aluminium material comprising: an aluminium core; and a brazing agent layer composed of a brazing 
agent and thermally sprayed in powder form onto and covering a surface of the aluminium core, characterised in 
that a substantial number of minute particles of the brazing agent layer are minute particles in unmolten state and 

20 the piths or cores of almost all such particles are left fresh and solid during the spraying process, whereby internal 

fine structure of the layer is not in its state as if it had already been used to braze the aluminium article. 

2. A brazeable aluminum material as defined in claim 1 , wherein the brazing agent layer comprises an Al-Si alloy 
and/or a mixture of Al and Si, and an average Si content in the layer is from 5 to 40 % by weight. 

25 

3. A brazeable aluminum material as defined in claim 1 or 2, further comprising a Zn layer between the aluminum 
core and the brazing agent layer. 

4. A method of producing a brazeable aluminum material wherein a brazing agent layer is thermally sprayed onto an 
30 aluminum core of the brazeable aluminum material, characterized by the steps of: preparing a powder composed 

of minute particles to be thermally sprayed to form the brazing agent layer; and then thermally spraying the powder 
onto the aluminum core in such a state that only a surface of each of substantially all the minute particles is molten, 
with a pith of each particle remaining unmolten. 

35 5. The method as defined in claim 4, wherein the powder comprises an Al-Si alloy and/or a mixture of Al powder and 
Si powder such that an average Si content in the brazing agent layer is from 5 to 40 % by weight. 

6. The method as defined in claim 4 or 5, wherein an average diameter of the powder is from 1 0 to 200 um 

40 7. The method as defined in claim 4, or 6, wherein the step of thermally spraying the powder is carried out at a 
temperature falling within a range of from 1 000 to 3000°C. 

8. The method as defined in any of the preceding claims 4 to 7, wherein the step of thermally spraying the powder 
is carried out with at least one spray gun spaced apart a distance of from 50 to 500 mm from the aluminum core. 

45 

9. The method as defined in any of the preceding claims 4 to 8, wherein the aluminum core is extruded from an 
extruder and subsequently advances through a cooling bath, and the step of thermally spraying is carried out to 
the extruded core at a location downstream of the cooling bath. 

50 1 o. The method as defined in any of the preceding claims 4 to 9, further comprising the step of thermally spraying Zn 
onto the aluminum core, prior to the thermal spraying of the powder of the brazing agent. 



Patentanspriiche 

55 

1. Hartlotbares Aluminiummaterial, umfassend: einen Aluminiumkern; und eine Hartlotmittel-Schicht, die aus Hart- 
lotmittel besteht und in Pulverform auf eine Oberflache des Aluminiumkerns gespritzt ist und diese bedeckt, da- 
durch gekennzeichnet, daft eine erhebliche Anzahl feiner Teilchen der Hartlotmittel-Schicht feine Teilchen in un- 
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geschmolzenem Zustand sind und die Kerne bzw. das Innere fast allerdieserTeilchen wahrend des Spritzvorgangs 
frisch und test bleibt, wodurch sich die innere feine Struktur der Schicht nicht in einem Zustand befindet, als ware 
sie bereits zum Hartloten des Aluminiumgegenstandes verwendet worden. 

2. Hartlotbares Aluminiummaterial nach Anspruch 1 , in welchem die Hartlotmittel-Schicht eine Al-Si-Legierung und/ 
oderein Gemisch aus Al und Si umfasst, und dermittlereSi-Gehalt in der Schicht 5 bis 40 Gewichtsprozentbetragt. 

3. Hartlotbares Aluminiummaterial nach Anspruch 1 oder 2, das ferner eineZinkschicht zwischen dem Aluminiumkern 
und der Hartlotmittel-Schicht umfasst. 

4. Verfahren zur Herstellung eines hartlotbaren Aluminiumrnaterials, bei dem eine Hartlotmittel-Schicht thermisch 
auf einen Aluminiumkern des hartlotbaren Aluminiumrnaterials gespritzt wird, und welches gekennzeichnet ist 
durch die Schritte: 

Vorbereiten eines ausfeinenTeilchen bestehenden Pulvers, welches thermisch gespritzt wird, urn die Hartlotmittel- 
Schicht zu bilden; und anschlieBendesthermischesSpritzen des Pulvers auf den Aluminiumkern in einem Zustand, 
in welchem nur die Oberflachen im wesentlichen aller f einen Teilchen geschmolzen sind, wobei ein Kern jedes 
Teilchens ungeschmolzen bleibt. 

5. Verfahren nach Anspruch 4, in welchem das Pulver eine Al-Si-Legierung und/oder ein Gemisch von Al-Pulver und 
Si-Pulver umfasst, so daB in der Hartlotmittel-Schicht ein mittlerer Si-Gehalt von 5 bis 40 Gewichtsprozent vor- 
handen ist. 

6. Verfahren nach Anspruch 4 oder 5, in welchem der mittlere Durchmesser des Pulvers von 10 bis 200u.m betragt. 

7. Verfahren nach Anspruch 4, 5 oder 6, in welchem der Schritt des thermischen Spritzens des Pulvers bei einer 
Temperatur durchgefuhrt wird, die in den Bereich zwischen 1000 und 300fj°C fallt. 

8. Verfahren nach einem der vorangehenden AnsprGche 4 bis 7, in welchem der Schritt des thermischen Spritzens 
des Pulvers mit mindestens einer Spritzpistole durchgefuhrt wird, die in einer Entfernung von 50 bis 500mm von 
dem Aluminiumkern angeordnet wird. 

' 9. Verfahren nach einem der vorangehenden Anspriiche 4 bis 8, in welchem der Aluminiumkern durch eine Strang- 
presse stranggepresst wird und anschlieBend ein Kuhlbad durchlauft und der Schritt des thermischen Spritzens 
an dem stranggepressten Kern an einem Ort stromabwarts des Kuhlbads durchgefuhrt wird. 

10. Verfahren nach einem dervorangehenden AnsprGche 4 bis 9, das vor dem thermischen Spritzen des Hartlotmittel- 
Pulvers ferner den Schritt des thermischen Spritzens von Zn auf den Aluminiumkern umfasst. 



Revendications 

1 . Un materiau d'aluminium apte au brasage comprenant : un coeur en aluminium ; et une couche d'agent de brasage 
constitute d'un agent de brasage et pulverisee a chaud sous forme de poudre sur, et recouvrant une surface du 
coeur en aluminium, caracterise en ce qu'un nombre important de particules minuscules de la couche d'agent de 
brasage sont des particules minuscules a I'etat non fondu et en ce que les moelles ou noyaux de presque toutes 
ces particules restent inchanges et a I'etat solide pendant le processus de pulverisation, de maniere que la structure 
interne fine de la couche ne soit pas dans un etat tel que celui ou elle serait si elle avait deja ete utilisee pour 
braser I'article en aluminium. 

2. Un materiau d'aluminium apte au brasage selon la revendication 1 , dans lequel la couche d'agent de brasage 
cornprend un alliage Al-Si et/ou un melange d'AI et de Si, et en ce que la teneur moyenne en Si dans la couche 
est de 5 a 40 % en poids. 

3. Un materiau d'aluminium apte au brasage selon la revendication 1 ou 2, comprenant en plus une couche de Zn 
entre le coeur en aluminium et la couche d'agent de brasage. 

4. Un procede de preparation d'un materiau d'aluminium apte au brasage, dans lequel une couche d'agent de brasage 
est pulverisee a chaud sur un coeur en aluminium du materiau d'aluminium apte au brasage, caracterise par les 
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etapes de: preparation d'une poudre constitute de particules minuscules destinees a etre pulverisees a chaud 
pour former la couche d'agent de brasage ; et ensuite pulverisation a chaud de la poudre sur le coeur en aluminium 
dans un etat tel que seule la surface de chacune de pratiquement toutes les particules minuscules soit fondue, le 
noyau de chaque particule restant a I'etat non fondu. 

Le procede selon la revendication 4, dans lequel la poudre comprend un alliage Al-Si et/ou un melange de poudre 
d'AI etde poudre deSitel queteneurmoyenneen Si dans la couche d'agent de brasage soit de5 a 40 %en poids, 

Le procede selon la revendication 4 ou 5, dans lequel le diametre moyen de la poudre est de 10 a200u.m. 

Le procede selon la revendication 4, 5 ou 6, dans lequel I'etape de pulverisation a chaud de la poudre est effectuee 
a une temperature comprise entre 1000 et 3000°C. 

Le procedd selon I'une quelconque des revendications 4 a 7 ci-dessus, dans lequel I'etape de pulverisation a 
chaud de la poudre est effectuee au moyen d'au moins un pistolet pulverisateur, positionne a une distance de 50 
a 500 mm du coeur en aluminium. 

Le procede selon I'une quelconque des revendications 4 a 8 ci-dessus, dans lequel le coeur en aluminium est 
extrude a partir d'une extrudeuse et passe ensuite dans un bain de refroidissement, et I'etape de pulverisation a 
chaud est effectuee sur le coeur extrude en une position en aval du bain de refroidissement. 

10. Le procede selon I'une quelconque des revendications 4 a 9 ci-dessus, comprenant en plus I'etape de pulverisation 
a chaud de Zn sur le coeur en aluminium, avant la pulverisation a chaud de la poudre de I'agent de brasage. 
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xample No. 2 x200 
FIG. 6 A 




FIG. 6 B 



14 



EP 0 595 601 B2 




Example No. 8 X200 
FIG. 7 A 
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FIG. 7 B 
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Example No. 9 x2 0 0 

FIG. 8 A 
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FIG. 8 B 
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Example No. 10 x200 
F I G. 9 




Example No. 11 x200 
FIG. 10 
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Example No. 13 x 2 0 0 

FIG. 12 
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Example No. 14 X200 
FIG. 13 
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Reference No. 20 x200 
FIG. 15 



20 



EP 0 595 601 B2 




Example No. 10 
FIG. 16 
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Example No. 12 x 3 7. 5 



FIG. 18 
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